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PREFACE _--- ._--- ._-.--- 

c;nc, IlLIS i:;suc!(l numerous reports over the years on 
i. I I i 1 i v i. ( i I .I i..~ 1. we d po n 
t.lItt!;ct r(:por~t:.:; lime 

$3 y s t c-2 rn s . Many problems discussed in 
a direct or indirect relationship to 

t.il(! llum<~tl I 2ct.o~~ e.l.cment and the acquisition process; 
t.11 ii t .i :i "wI!,lt: dssuranccs are there that weapon systems 
df.!vc~lopc.tcl (:<.itl I,c operated and maintained by the people 
WI10 mu:-;t USC them. " 

'L'llr.: 1.ol..lowinq pages contain genera.1 guidelines for 
~~urLi.t.or :-; to u:;c3 i.n evaluating what manpower implications 
wftrc con:; itierc2cl in the design of a weapon system. These 
( j 1.1 i tl f.t 1. 4. rI c? 5 (10 not necessarily i.ncllude al.1 of the questions 
;:tlat. need answering. They do, however, provide a frame- 
work fyrorn which to begin and can be modified or expanded 
;I:-; (ix~wr i.t:ncc! in auditing a particular weapon system dic- 
1; cl t.. e s , 

We obtdirled informal comments on these guidelines 
I:rom vdr:i.ous officials in the Department of Defense who, 
t.)ecau!;(t of their knowledge and interest in the human fac- 
t:. C) r :; d r c1 a , tjrovided information used in developing these 
( j u i.cfc I i. nc :-; . We thank them for their comments and believe 
i I h (2 rjui.dc:l.ines have been greatly improved as a result of 
t:11c i r input. 

Wt: encourage the use of these guidelines by those 
.ir~vol.vctl i.n tile autfiting profession and by those having 
(lily to day responsibility for the administration and 
11lLil1acJc~Illt'n t: of any particular weapon system. Further 
:;ug~~c:;t:.i.onr; for revising and improving the guide are 
wf.: l.cc)rnc~ (3 ntl should be addressed to me at the Federal 
I%."~!;o~I~P I and Compensation Division, U. S. General 
AccoIjnt:ing Office, 441 G. Street, NW. , Washington, D.C. 
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In connr2ction wi t.h this I tlet.er.mine (during this phastr ox: at 
I east. in Mi, leston~:? I phase?) 

(a ) wEletht:!r (1Liizi.i WLI!.? incl.uded that showed the peacetime 
and wartime rnanpc.)wcx qcquirements compared ;igairrst 
d I>rojected supply of personnel, throughout the 
system’s life span; 

(lx) whether the specific occupational specialties and, 
if possib.Le , skill levels needed to operate, main- 
tain, and support the weapons system throughout 
its Life span were identified; 

(c) whc:!ther estimated staffing levels per unit (syuad- 
ran* battalion, ship, etc.) to meet wartime and 
pe;xcetimc requirements were developed and pre- 
scn ted ; and 

(d) whether the le;xd times needed for training or 
obtaining the required number of people were! 
presented * 

(4) During this phase, determine whether OSD or the :;a~vi(:er~ 
idttrrtif.‘icd any rn;lnp~w~‘r~ training I or human ft~cd:.~,r:; r!rrgi ‘-I 
neer i.ng problems associated with previous simi I.AII’ !;yst(?ms 
( lcss:,ns learned ) ” ‘1 f so, determine what thc?:;Ir; I>rli,b:Lc;rns 
were and if the information was used in the clcbc.i;;ion 
procc?ss to rcsol ve similar probl.ems or ~W~UIYC:~ thr: like- 
.l i hocxl 01: human-induced system failures. 

( 5 ) 



( 11 ) 1’)~:t:(,x.m i.Yl~.~ i f” inf:ormat.ion regardiny changes in estimates 
of. li,c-‘<:,~.“lt?/~~ki:Lls,/al.>titutles, which may occur to varying 
c.l t..! ‘1 r c f’ :i clur~irzq any staqe in the acquisition proces::;, 
was prov itlcrl to the training organization on a contin- 
u i rr (.I b ii :3 .i c; e If’ so, assess any impact this may have 
on p I. anned trraining l Determine in Milestone I pha:;e 
i f’” not: dc-rnc? for this phase. 

(9) Dc?t:ccrminc ifI: planning documents used in the Planni.rrq, 
Procj ram i ng , Eudyeting System address plans for new 
(11 i rnpruvc:tl weapon systems and the related impact on 
(;or’l:.;t.Y.\.XCf:,i,On costs or possible training base expan!sion 
~‘c.ztlu :i. remt~nts li 

( 1 I) ) 1)~ t-c: rm i nc if the contractor se.lecti.on process (Request 
f,‘or: I”roposa 1 , SeLection Panel, etc, ) included manpower, 
tr:i.~.ini.nq, and human factor engineering needs. De term i ne 
if: the proposal evaluation criteria included as a speci- 
f’ic rey)ortable item throughout the contractual effort 
i nf ormation concerning manpower, training I and Irurnan 
f 3fc:f:I)rs enqineerinq l 

( L.1) II~2t..~,?rminc i. f the services provided baseline manpower, 
t.r i2 ininq I and human factors engineering data in their 
l3rque.Fif. for proposal.” 

Mi 1 t!st:cinc~ I - Ix.irnc:,nstr’ixti.on and Validation Phase ,, “... “” - .“.“..“...I --.-._- -.- .-.-._--.-.. I---_ .---~- 

( 1) lWt.r:rmint: wfrcther a DCP was prepared and, if so, review 
j t to c.letcr~rine whether it included estimates of unit 
an<1 t:ota 1. program staff inq levels for wartime and peace- 
t. i me requ i rt’men ts y Obtain and evaluate supporting data 
t.Lrnt. was or sirould have been attached to the DCP. 

( 2.) 1.k!t.c!rrn.i ne whetht:r a MAP was prepared and submitted. I: i 
:+o I clc: terminc what chanqes were made from any previ.ouc; 
MAP ;~ncl the rdticnale for the changes. 

( 3 ) Ilr?v iew the MAP and determine whether it incLuded in for- 
ma 1: ion Hf)ou t opt i ona 1 manpower requirement-s and its 
(.” f f. (2 c t f-; on operational capability; i.e., options in 
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( 4 ) Ik t.rz rmine what. tc.ts ts werc2 ~).Lanned for use in asscrssing 
t11c: :.~o.lc~cted manpower a.Lterntitives in the MAP or other 
(ic:,c:urncnts. I>cttc?rmine how the test results were used 
in deciding on a particu.1,ar option. 

(5) Vcrif.‘y whether the MAP or any other docurncnt discussed 
a 1 ternative apprc:,aches to reducing manpower reyuj.rements 
or increasing product iv ity. in example of this would be 
d change in maintenance approach which affects the 
numIx;r it functions to be performed and number 01’ per- 
sonnc;.L and ski1 1s required. 

(6) Determine what test and evaluation procedures were or 
are to be performed to assess the personnel skill re- 
quirements, human factors, or training implications 
of the total system (e.g., performance under stress 
or fatiyue, 
tude r 

visual or physical needs, workload, apti-- 
and training required to operate and maintain) . 

Lieal world scenarios should he used to identify people- 
related problems with the syslcem. 

(7) Determine how thy? results of demonstration and valida- 
tion will be used in the decision process. 

(8 ) Wview respective requests for proposals or other’ simi- 
lar documents to determine if the services included 
statetmcnts addressing manpower. Was service manpowe r.1’ 
personnel/training information included as part of 
C;overnment.-f:urnisbE?r3 intorma t ion in the contrac C. [3ack;iyc? 

M i Lc!.;tonL! 1 I - Fu Il. Sci3 Le 15nq ineering IIeveLopmtlnt Phase _. _,. __ __I - “_ “” __ I_ .__. -.- -... - ...” _- _ -_.._.-.. . I ._ -. _ .--.-.*. _ .^ ..“__. -..- _. -.-..--. “-..“..---.11_1” i_-_-l- 



( 4 ) I)rtt.er-mine what tradeoffs among manpower demand I person- 
rlf: 1 :;upp.Ly , and training (quantity, skills, specialties) 
WI* I"(? 111 ad e . Obtain supportinS documentation and deter- 
mir~c! rationaLe used in making tradeoff decisions. 

I",) K)et.~.!rrnine whether requirements versus supply (avaiLable 
s; k i. 1. .1 s , particu.larLy high.ly skilled technicians in spe- 
Ga.1.ized occupations) were considered in the decision. 
7% i s shou.Ld include consideration of turnover/attrition 
L‘ ;A tee (? *J I spc~cia.lized training required, and other factors 
af:fIccting the availability of needed personnel. 

(6) 

(7) 

Dt;temine whether man-machine tradeoff criteria were 
used in the development of operation and maintenance 
work !;paces r environmental control concepts, and 
clont,rc:,l/clisplay/woftware design concepts. Assess the 
extent.. to which developmental tests demonstrated (.L) sys- 
tem conformance to human factors engineering design cri- 
t:. C.' r Ii. s I , (2) adequacy of training approach, (3) acceptabil- 
ity ot system-imposed operator workload, and (4) system 
&f (1 ty " 

I>c:t(;rmine if plans were submitted which (1) outline 
L)rocedures for acquiring personnel, including Reserves, 
to mc?c:!t wartime and peacetime manpower requirements, 
(2) identify any staffing problems for any specialty, 
particularly those with shortages, and (3) evaluate the 
man-machine effectiveness during acceptance testing. 
.IIc such plans were not submitted during this phase, 
determine if they were submi,tted during subsequent 
phase (Production and Deployment) and if not, deter- 
mine why e 

(8) 1)et.t:rmi.ne if documentation identifies what training 
programs and training equipment are essential for each 
:;k i 1 1 progression W  If documents do not provide this 
information, determine if the information is included 
in suhscqucnt phase (Production and Deployment) docu- 
ir~c?~rt:iiti.on. IIf: not, determine why. 

( !I ) I)~bt.~~rrni.nt.: what feedback process exists to provide 
j.r~llt orrnat.ion on Inanl)ower/pEtCsorlnel/an(l training short- 
1.:~ )KKI i.tlg :i found during the various developmental and 
()i~~~rilt~ ion<ii L tr:stinq that shouJ.d be considered in the 
fIc.fv(.: Loprwnt ~Jr0ccs.s m If process does exist, eval.uate 
IKOW 1: I' fit:cti.ve the process is. 
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Mi 1 (::;I i)n~: I I. 1 - Prc.~.luc t ir)n t~n~.l Dep.loyment Phase _ .I ._. ..I. I.. ..-... _ .._ .._._, _” - : -...._- - -__ _I I_ll__-_L---- 

(2) I)t>t:r:rmi.nc whether ;~L staffing document was prepared 
:;Ilow.i.rrtI tota 1 po~;.i t.ion requirements broken down by 
spt’cialty anti ski1 L level required. Determine whether 
the (.1oc:ument ine.I.uclecl an analysis of such things as 
h igh-d(:mand workload I direct versus support work, 
s 111) (; c v i. .C; 0 r y a s s i g n me n t s I e t c . 

( ‘3) Ot,t:ain and review the documentation concerning infor- 
mation on specialties to determine whether shortages 
of any required specialties have been a problem in 
the past, and assess what plans there are to overcome 
theIn * 

(4) Determine whether required training equipment is avai.l- 
a to .I. cz so that individuals programed for assignment to 
t-he weapon system will have had required training by 
time of: deployment * 

Qucs t .ions f or the Con trac tar/Subcontractor/ “.“l _I. .” I_ . _. __I I* _ 1”” 1”1 1”1 _ . --....” -_-_l.*-l--.-l”.,“_“l_ll _i__._,_-_--------_--- 
Proq ram Man;r,qc r .._. ._ ___.. L-I_ ._“_ ““_ ..-_ _.““_ .,- .._.. I. 

( ,“I ) 1.)~ t:(.:r:mi nc whether the above were asked to give input 
(estimates) as to the number of people/skills/aptitudes 
it would take to operate and maintain the system when it 
bt3C:JInC? c1ep.l. oyah1.e * lcf not, why? 

(2) Tf !-;or (luring what stage (stages) was the input required? 
Determine whether this information was required within 
c:;tablisIlecjl ti,me periods and, if so, was this requirement 
Inr; t ? 

( 3) I>tl:t:r:rmi.ne who was designated to receive this information 
<in~j I f: it affected continuation to the next phase. 

( 4 ) I)r! term i ne whether OSD or the services provided any feedback 
t..rj the contractor/subcontractor regarding submitted manpower, 
t riii.n.in(I I or human fyactors engineering data that would affect 
t:Ileir estimates or design of the system. Determine if the 
f ctc?tlback answered any (.Iuestions raised by the contractor. 

( 5 ) l)ra tcf rm i. nc whether t:hc: contractor was bound to any manpower, 
t. r-i) i n .in(,I I or human Iactors engineering constraints in design- 
i 11~1 i.~ncl devc:.I opi rr!l t-hcz weapon system. 

a 



( (1) I)(‘1 i!r.urii 111: whdt tlialoyuc; took place between the contractor/ 
I;l.li,(:(,tit.r:~I(:t~(..,r/proijr~_\ manager/service’s manpower, training, 
<11~(1 tlllrrl(lrl 1 actors engineering oryanizations and OSD decision- 
III&i kc t:“!I; c:(.)r~(;(.~rnir,lc3 these related ~CIC HOTS. 

( “,I) ot)t.,lirr contractor/subcontractor opinions as to effectiveness 
(.) 1’ the cX i ii 1 oyue l 

( II ) INI 1..(brm i nt: whc ther the manpower, personnel, and training 
i !;:;ut~::; were considered for both the system/subsystem and 
t..iilc: tot.;~ 1 operational environment in which it must operate, 
I ~lcI.u~,.ii.rrq hostile and fatigue-inducing environments. 

ESTIMATED STAFF-DAYS FOR APPROACH #l .I* I *--_m.-mm--_-- -- 

Pha SC! Staff-days 1J ._ _.. -- 

M i 1 t:Y ton<.: 0 - Program Initiation 20 

PI I I r,~!;t.onc~ 1 - Demonstration and Validation 30 

M i I (;:;1 rjrtc.1 11. - Pull Scale Engineering 
Development 20 

M,i I.t.i:;t.c,rkc? L I I - Production and Deployment 10 

(.:ontz.r;,ict or/Subcontractor/Program Manager 10 - 

‘I.‘,, t. ii L 90 - 

1 /n:;:; UII1(‘S al1 work outlined will be performed. These estimates 
cir’t.: II(s~-. precise and will vary depending upon such things as 
LIli”! c.luditor’s (1) existing subject matter knowledge, (2) cov- 
c: r:‘Llqo on each of the individual guides, or (3) knowledge of 
orfji.in i.zil t ions to visit to obtain needed information. 



--lllilnp(JIw~~r requirements (work demand created by weapon 
ny:; trtrn) * 

--personnel. inventory (supply of personnel. to do the work), 

--harm-in factors engineering, 

--t. 6::~:;~ i n(f/t7c?rnt>nstrat:.i on/validation, and 

Nisi r-tq this approach, an auditor should consider the f”ollow- 
i t1rq “‘jI.l i rlc 1 i ll(3R 1 

n r:ri t. ic:isrn of the weapon system acquisition process has 
I ubt’r~ I lt;it r~6~orletl manpower is neither available in number or 
rcb~jrr i r(s(i i;k i. I 1.~ t:.o operate and maintain the system at the time 
1 klib s;yst. t3m k)cc*r)mcts deploycrble, thereby contributing to systern 
f,l i I llI'(~S. W rr? c:;.ip,ihi 1.i ty to predict the availabilIty of people 
i~ttrl t rr(.:i r ?111t- i.t\rCles and skills when the system becomes depl.oy- 
,111 I f’ ('(III lri I~t.?lp ii 1. I ~5vi;:lt.e 01: lessen the magnitude of humarr- 
i r1~1uc*ec1 f:a i 1 IxTes. To ;rr3tlress this issue: 

~-~--i)~~t (~rmi.nt:? wh~1t.: manpower analysis was conducted for input 
i n I-U t.hc tlesi I?~l/concl:eyrt./program initiation phase. 



~."-X\!(jviEiw t lrt2 staffincj documents to determine if modifica- 
t ir)rrr; I II t.hc: documents were made and why. For example, 
t11lfinr.f that tlemorrstrat..ion and validation stage, testing 
~OI;II I t.a'; may dictate a chanqe in maintenance procedures 
1" I') r:orrect: a potential deficiency. This in turn may 
t ." f f.(->P t. 3 c~hilngc in staffing requirements. Such changes 
~:~ln 1)6: c:roso-checked to the original. staffing document. 

--I.nt t.?r~.iffw r~~sp~3nsi~~l.e officials to determine what 
i~s~~~ri~nc:c they had that the required personnel and 
: 3 k .i 'I 'I. $5 I as estimated in the staffing documents, would 
))P ii~ili Table at. time of system deployment. 

'I"'I 1'1"" I ) t? t. ra II- 111 .i n t? the extent to which the respective services 
or"~j;rxr. i z;lt..ions for determining manpower requirements were 
<~r;k;wil 1r.c) provide input to the weapon systems process 
X)~?Fr,rre or duri.ng the design (concept/program initiation 
l>htisc?) and during subsequent phases. 

---Iktt?rIni ne the extent to which manpower factors are built 
irrt.o the contractual agreements with the company respon- 
.s i?,:I c for building the system and the extent to which 
Lhe r:ompany is accountable for insuring the system is 
t)ui lt wi.th the user in mind. 

--[)(.,t.~:rr'mir'le if the program manager provides the services' 
r~~rlx~prrwc~r organizations the estimated manpower require- 
m C! I I t,. It; nee~1ed to operate and maintain the system ant3 seeks 
f~ec!d~,ac!k on whether the number and skills will be avail- 
;tt>1<:: ilt t:i.me of system deployment. If not, why? 'I f 
y.c.bcl\li red numbers are available, determine what proc[.lrarns 
l~r'~* r'l(?v~lr,perl to insure the retention of these personnel. 

.--Irr!l r?r'mi ne what: procedures exist to insure continuous dia- 
Io~r,j(lr: lic-;itw~?en program managers and personnel planning 
~,t~rj~~r~iznt.ions throughout the weapon system's development. 
!;II(.*~I ~~r-~x~c~t'lurc~s woultl be necessary to insure that 
I)C:L :;onne 1 planning organizations are aware of any changes 
I.r, t.h(z we;lporr system which affect estimates on needed 
i~i;~~if)r)w~?r- :~vai.labili.ty. 

I.1 



---l)f.?t.c~rrn i II<? and review what procedures exist. to insure 
I-.llii t. t..hCh r” r*i;~~e~:t::i vi2 services ’ training organizations 
1” rev i rlc i. nput. on iI cont.. i nuous basis to the weapon system 
i~c:~.~i.~ i $3 i t i.ork ~)r-c2ccss . 

--l)f~t~f’I’trl i t-16”! ,,,, i f t.rir<ic-zcrff analyses were made concerninq 
i’f I r Kllii 1 ~,;~:h~rc~‘l (:ourse content versus on-the- job training 
f ’ f” f” f ’ ( - t i v f”’ 1 I f ’ 55 5; e IIc?t.:(~:rrrri.ne whether training device/ 
CI i 11’11 1 1 iit 0 Y”T rficf~~ 1. rr::?ment.a were explicitly derived from 
:;llc’lI ~‘1 1’1 cl II;). “1 YY i F; . I~ete1:rn.i ne if manpower requirements 
wt.: r’c.1 ;~tl jr~~l.tt~‘l i o ~)r’r~virle peop1.e to conduct on-the- job 
t. r ij i II i.n(j y 

1. 2 



‘I” “I I 11 81 ‘1 I.” rut i. rI(? 'ler~c~th of time needed for developinq operations 
i~~~l W  111~1 i ~~Lori;~t~ee manuills and what input is needed from 
I, I;",I ji Ik i w~(;J organizations concerning future quality of people 
wire wi 1 I k)(; rising the manuals. 

"' ~,t)t't C'trRli rkt:! what clocurnentati.on on training pl.ans for oper- 
cl t. i 011s ii trrl rni~ in tenan c e exi.sts and review the documentation 
t.0 Errsure it: includes an evaluation of options concerning 
(V{IL i ~HTI<:*~A! c:hoi.ce and design, technical publications, 
!."O'I'.Ikkrl 1 VS . on-the-job training, unit training, individual 
1. t ;k.i !I i rIq f and simulator training. 

‘i’tkfb IJCYVI* I rifment of a weapon system could have an impact 
1 JYk ?il rl f-i. i IkCj# dss.igIrrrkc+nt I or c:l.assification procedures if part 
4rl' rk dark i 1 ikik:i 10 ht? retrained to operate and maintain a new or 
11;11 iq i i ! i (I("'1 :1ys f: C.LIII * 1.t i.s Lherefore important that those people 
i 1iv01 Vr!fi irk Irl;lk.ing assignments are kept apprised of weapon 
I-ryi; 1 t2l11 E i4.~v;c~ 1 (.>prnent . 

I' ~-Dot (:!rtrki.nc what procedures exist to insure continuous 
c*c~~t'cl i ri;.it.i.orz between the weapon system acquisition 
j ,1 I ( Yj (. q t.' 5; $5 :intI the personnel skill classification and 
il?Tbi i qJXkI[kCrIt. process. 

'~* I Ikt.Fhrvi ew r_rf:fi.cial.s responsible for both functions to 
;~:i:;t~:;:; the impact weapon system development has on staff- 
i r~cj/ii:;k;i gtvtwnt. procedures. Document potential problems. 

.I ~-Itf”J~w i C!W a1iy <locumentstion that shows how the information 
wids ~',4~(111t?<3t,rr?fl, receivetl, and fed back and its timeliness 
i 11 I Ckt? c"lccr-i.si onmaking process. 

1. 3 



--“-.~:)(,!t,(!~rrli~rr’l whct.ht:?r t~rrt.ing identified the level of person- 
rir?:l l,~:“r)lt icicncy nctetlcd to meet mission objectives and 
wll(bt..tl(:r 1.kl.is rt.~:;u.It~~d in a plan for attaining and main- 
t.4 i 11 i ncj :;utr:h pt;rsonrze I. * Determine if this information 
W~JS c~ornrn.~lrr.i.c;rttltl to decisionmakers in time to affect: 
I I I .? c: i. IS i ( 2 1; 1 !; * 



II Ihi t.t! t’m i n(i i-he extent to which human factors engineering 
rUr:cl;i~ I l.ilr(,k”y clocuments and policies were employed during 
t l1t.t <~~:(ju:i ::i i t i<,n proct~~;s L 

-“--lit: t.r.i rm i ntf t~ t.. whd t stage (program initiation, demonstration 
tiricl vri I i(iilt:i.on, etc.) researchers get involved and assess 
nl~t:t:ht~r t.llc:y E~ave time to affect the decisionmaking 
jiCoC:t?s!:;. 

-“--Irc::t..orrnintt the number of researchers involved and their 
<IV(.!r-dcJc workload. 

-~--:jilm[)l ii ~cfsearchers to determine their perspective on 
1..hr, r:(:ric:sr-c:tr p~~rforrrrecl r organizational difficulties, 
,,lntf :;uc,jrje:; t ion:; f:or improvement. 

_I.- 13rf tc: r-m i nt) i:Ile organizational alignment of the labs and 
I.l~t: cxl:.crrt to which they provide input to the manpower 
,II~CJ p~r:.;onr~e.l organizations in the respective services. 

-,-!,tb t ~2 rm i ne the a ttri t ion/turnover rate of the researchers 
C.~t’l~i t:ilc:.ir r’Casons for leaving as well as the average 
,irntrun t. of: experience the remaining researchers have. 

-~--l)(:t.c.!rmi ne why research is conducted only through indus- 
Iriill. lutrding and how this affects the amount of research 
iir~cj t:ylJtl o t research conducted. 



1~:S’I’IIMRT’Et.I STAFF-DAYS FOR APPROACH #2 -.---__-~-.- .....-.----.---lmll--- 

t*‘rlr’rr~~ i otlJT)rc~;4nizat:i,on I. I .a. l"l..l.l~-.-".l ..-. "-_-l.. Staff-daJs I/ .- - 

17 

‘I’r,tk4 1 100 

I/Ass\~rr~cs i&l 1 outl.i.ned work will he performed. These estimates . 
i~re not; preci.se and will vary depending upon such things as 
It.hc: iiuditor's (1) existing subject matter knowledge, (2) cov- 
(3 riiqc: on each of the individual guides, or (3) knowledge of 
orq;1nieatir)ns to visit to obtain needed information. 
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